Abstract-Objective: The three-dimensional reconstruction method based on vision uses the digital camera as the image sensor. Establishing the model of a dynamic measured object is the premise of the vision precise measuring system. Methods: By using the pinhole camera model and the mathematical modeling method, the three-dimensional reconstruction of the measured part can be completed quickly based on the known measured objects. The corresponding relation can be realized accurately and automatically on condition that the object's shape characteristic is known clearly. The algorithm of the threedimensional measuring model of cylindrical workpiece can be established conveniently. Results: The algorithms are verified by simulation with Solidworks and Matlab. The correctness of the algorithm is validated by actual experiment and the absolute error is less than 0.015mm or the relative error is less than 0.1%. Conclusion: The measuring results are accurate enough to satisfy the practical requirement of fast and precise measuring in industrial field.
INTRODUCTION
The vision measuring system uses camera to shoot the measured objects and the obtained picture contains the information about the objects in 2-dimensional image plane. We need to restore the information to the real objects in 3-dimensional space. This procedure is 3-dimensional reconstruction [1, 2] . The 3-dimensional reconstruction method based on vision uses the digital camera as the image sensor. It is divided into monocular, binocular and multiple vision system. The monocular vision includes shading value method [3, 4] , photometric stereo vision method [5] ,texture method [6] , contour method [7] ,focusing method [8] ,motion method [9, 10] , etc. This vision measuring method doesn't subject to the restriction of object's shape and the speed of reconstruction, so it can be realized automatically or semi-automatically.
Based on the known measured objects, the pinhole image model can be established and the mathematical modeling methods can be used to complete the 3-dimensional reconstruction. The cylindrical workpiece will be used as an example to introduce the camera image model, the steps of mathematical modeling and verification by simulation and actual measuring test.
II. THE CAMERA IMAGING MODEL
A. Coordinate system (4) where [R t] is the camera's external parameters matrix,K is the camera's internal parameters matrix, ax is f/sx, ay is f/sy.
III. THE STEPS OF MATHEMATICAL MODELING
The flow chart of the mathematical modeling is specified as in Fig.2 . 
IV. MATHEMATICAL MODELING OF CYLINDRICAL

WORKPIECE
We establish the mathematical model to obtain the length of a cylinder assumed that its radius R is known in monocular vision measuring system. The external parameters include the rotation value β of the cylinder around Z c -axis and the translation value s y along Y c -axis.
A. Solving the transformation matrix
The solution for the transformation matrix between {T} and {C} is shown in Fig.3 . 
B. Solving the tangent point in {C}
The solution to solve the upper tangent point P T of the cylinder in {T} is shown in Fig.4 . The lower tangent point is similar. For P T in {T},
P t Q is equal to PM and QO t is equal to MJ. 
C. Solving the endpoint in {C}
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The solution to solve the endpoints of the cylinder in {C} is shown in Fig.6 . MP M is equal to L R , M 1 M 2 is also equal to L R and M 3 M 4 is equal to s y . 
V. VERIFICATION
A. Simulation
We can establish the imaging models of the cylinder by SolidWorks. Simultaneously we can program the formulas of the cylinder's length with MATLAB. The angle γ does not affect the imaging shape but it affects the imaging position. In SolidWorks, we can change the model parameters by dragging the nodes and obtain the coordinates of the angular points of the cylinder image in {I}. Then we can obtain multiple sets of data about the three-dimension objects corresponding to the two-dimension points. These data are reliable.
The flow chart of program with MATLAB is shown in Fig.8 . The three sets of data in Table I are obtained by CAD software. The six results of MATLAB program are in Table II . The three results, L 1~L3 , are calculated based on the coordinates of the upper endpoint, the middle endpoint and the lower endpoint in image. L is the mean value of the three results.The length values of the cylinder in Table  I perfectly match the values in Table II . It demonstrates the correctness of the algorithm established above.
B. Test
As shown in Fig.8 , a fine turning cylinder is used for verifying the algorithms. The cylinder is measured with a vernier caliper. Its length is 38.86 mm and the diameter is 29.96mm. We shoot the measured object with the D5000 digital camera. The pictures are processed by the image processing software. The lengths obtained by the software are shown in Table III . The experiments show that the software can realize the online measuring. The errors are very small and the relative errors are less than 0.1%.
VI. CONCLUSION
Based on the pinhole camera imaging model, the mathematical modeling method is used to establish the algorithm of three-dimension reconstruction of cylindrical workpiece. The algorithms are verified by simulation and physical test. The image processing software can realize the vision measuring of the cylindrical workpiece in real time. The measuring results are accurate enough to satisfy the practical application. 
